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Objective(s): The aim of this study was to evaluate distribution and changes of glycoconjugates of
retinal photoreceptors during both pre- and postnatal development.

Materials and Methods: Tissue sections from days 15 to 20 of Wistar rat embryos and 1 to 12
postnatal days of rat newborns including developing eye were prepared for lectinhistochemistry
technique. Horseradish peroxidase (HRP)-labeled lectins including Vicia villosa (VVA), peanut
agglutinin (PNA), Maclura pomifera (MPA) and wheat germ agglutinin (WGA-II) were used.
Alcian blue (pH 2.5) was used for counterstaining.

Results: Interphotoreceptor matrix (IPM) plays a crucial role in photoreceptors differentiation
and acts as a mediator in interactions between photoreceptors and retinal pigment epithelium
(RPE). Specific cell surface glycoconjugates secreted from cone cells could help us to distinguish
these cells from rod photoreceptors. Our results for the first time revealed the strong reaction of
cone photoreceptors with the cone-specific lectin (PNA) at postnatal day 12 (P12). Postnatal
day 12 can be determined as the final differentiation of cone photoreceptors.

Conclusion: According to our findings, we suggest that the generation of the eye photoreceptors
begins from pre- natal period and their final differentiations will continue to postnatal period.
Glycoconjugates including ($-D-Gal [1-3]-D-GalNac) and (f3-D-Gal) terminal sugars play a critical

role in the pre- and postnatal development and differentiation of retinal photoreceptors.
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Introduction

Development of the vertebrate multilayered retina
is dependent on the interactions between surface
ectoderm, neuroepithelium, and mesenchy-mal cells
from embryonic mesoderm (1, 2). Retina is one of the
best structural models for developmental and
histochmical studies of the nervous system (3).

In retina, light is absorbed by retinal neurons,
transmitted to photoreceptors and then dissemin-ated
over several cell layers where it is moderated by lateral
connections by means of horizontal and amacrine cells.
Finally the visual object is transmitted to fibers that
make the optic nerve and leave the eye toward the
brain for advance processing (4, 5).

During the eye development, progressive pro-
cess of retina differentiation starts with neural retina
domain inside the optic vesicle neuroepithelium (6,
7). All cells in the retina generally develop from
retinal neuroepithelial tissue (8, 9).

Retinal photoreceptor layer accompanied with

retinal pigment epithelium (RPE) constitute the
outmost part of retina. There are generally two
categories of retinal photoreceptors: rods that
function only in faint light and respond to single
light, cones that function in bright light (operate
color vision and support high resolution of visual
images) (10). Observations and comparison between
human and laboratory animals (mouse) showed that
photoreceptors and their subtypes form the largest
number of retinal cells (3, 12).

Pre- and postnatal studies on mouse showed
that cells across the retina are interfering and
overlapping with each other, so that four types of the
retinal cells including ganglionic, amacrine,
horizontal and cone photoreceptors are generated
prenatally. It is important to note that the most
abundant retinal cells, rod photoreceptors, are
created both pre- and postnatally, with a maximum
level of genesis at the first day of birth in the mouse
newborns. In other words, cons are the first type of
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photoreceptor cells that undergo the terminal
mitosis to begin their subsequent differentiations,
while rods are created later and their differentiations
will continue to postnatal period (8, 13, 14).

Variety of epithelial tissue provides different
organ- specific purposes in the human body. One of
the unique samples of this tissue is the uncommon
simple cuboidal epithelium in the eye called the RPE.
It is characterized by the high polarity cells
containing lysosome-like organelle in order to
biosynthesis and packing of the melanin pigment.

RPE is located between choriocapillaris of the
choroid layer and photoreceptor cells of the retina.

The embryonic differentiation stages of the RPE
demonstrate its exceptional correlation and close
association with photoreceptors. The RPE firmly
interacts with photoreceptors and it is critical for the
survival and appropriate function of these cells. For
instance, due to loss of direct blood supply in photo-
receptors region, RPE regulates the water, glucose,
retinol, fatty acids, and essential ions transportation
between neural retina and the choroid layer. It
protects photoreceptors against free radicals and
provides the renewal conditions by regular daily
phagocytosis of photoreceptors outer segment.
Additionally, it has been shown that cone cells
differentiation requires the RPE presence (15-17).

Inter-photoreceptor matrix (IPM) has a crucial
role in the bidirectional correlation between RPE and
photoreceptors. Recent investigations showed that
sulphated and unsulphated chondroitin are the main
IPM constituents (18). Several histochemical studies
have proven that the IPM contains special proteins
and glycoproteins that cause both cone and rod
photoreceptors differentiation and their association
with the RPE (18, 19).

At the primary eye development that photorece-
ptor outer segment has not been organized yet, the
RPE functions as a source of developmental
messages and growth factors such as glycoproteins
for photoreceptors induction (20).

Lectins are specific carbohydrate-binding
proteins that bind polysaccharides and glycocon-
jugates. They are broadly used in research fields and
therapeutic proceedings for the purpose of
glycoconjugates detection. Results from several
previous histochemical studies on the vertebrate
species such as human demonstrated developmental
changes of the retina (12, 17).

Various special aspects of photoreceptors and
RPE have been evaluated in previous histochemical
investigations (21-23). For instance, RPE revealed an
intense reaction to lens culinaris (LCA), wisteria
floribunda (WFA), wheat germ agglutinin (WGA) and
Ulex europeus [ (UEA1) lectins. This intense reaction
is suggested to be through the terminal sugars of this
layer such as a-mannose (a-Man), a-glucose (a-Glc),
galactose/n-acetylgalactosamine (a-Gal/GalNAc), B-

GalNAc, a-fucosidase (a-Fuc), and neuraminic acid
(NeuA) (21). In addition, the outer and inner
segments of the photoreceptors were stained
separately by succinylated wheat germ agglutinin (S-
WGA), Griffonia simplicifolia-1I (GS-II), UEA-II, UEA-I,
Lotus tetragonolobus (LTA), and Maackia amurensis
(MAA) lectins, so it can be said that in this region is
glycoconjugates rich in a-Fuc and NeuAc(aZ2,3)Gal
residues. This study demonstrated that lectins could
be used as markers for specific components of the rat
retina (21).

In another study it is shown that two terminal
sugars Gal and GalNAc are expressed at the surface of
RPE and photoreceptor cells (22).

Another study on cat and monkey species,
peanut agglutinin (PNA) and WGA lectins were used
in order to compare IPM domains. In the monkey
retina, PNA was bound to both cone outer segments
and the cone matrix sheath, and WGA specifically
bound to the IPM rod cells. In the cat, PNA labeled
the region of IPM between the outer borders cone
matrix sheath and rod cells matrix and WGA detected
cone sheath matrix along with both rod and cone
outer segments. According to these results it can be
suggested that each photoreceptor has an own-
specific extra cellular matrix (ECM)-rich microenvi-
ronment (23). In another histochemical study on
adults by using the PNA it was suggested that the
IPM may contain glycoconjugates that are involved in
surveillance and organization of the RPE-photo-
receptor complex (24). In this study, we used lectin
histochemistry to evaluate the expression pattern of
different glycoconjugates in the photoreceptors and
RPE and compare the results with other studies. It is
also attempted to show the photoreceptors
association with RPE and their differentiation during
pre- and postnatal. Finally, determination of the
exact time of retinal cone cells differentiation was
evaluated as our principal goals.

Materials and Methods
Embryos and newborns tissue preparation

For this study, 20 female and 10 male Wistar rats
(with an average weight of 250 to 300 g) were
obtained from the Faculty of Medicine, Animal
Lab, Mashhad University of Medical Sciences.
According to NIH instruction all animals were kept
under standard environmental conditions including
temperature of about 24°C, photoperiod with 12 hr
light and 12 hr darkness and adequate access to food
and water. In order to mate, for each male two
females were placed in specific mating cages.

After 24 hr and ensuring of pregnancy via
observation of vaginal plug and using vaginal smear
method, pregnant females were separated from
males and the day 0 of pregnancy (EO0) was
determined.
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Table 1. Tested lectins and their terminal sugar specificities

Tested lectins Abbreviation

Carbohydrate-binding specificity

Peanut agglutinin PNA B-D-Gal[1-3]-D-GalNac
Maclura pomifera agglutinin MPA B-D-Gal

Wheat germ agglutinin WGA-II GluNac[1-4]Glu
Vicia villosa Agglutinin VVA GalNac

Gal: Galactose, GalNac: N-acetylgalactosamine, GulNac: N-acetylglucosamine

During pregnancy days 15-20, pregnant rats at
different stages were killed under deep anesthesia by
chloroform. Their embryos were carefully separated
from the placenta and embryonic membranes by
surgery and immediately they were kept in formalin
fixator solution for about 24 hr. Because of their
large size, the head of 15-20 days embryos were cut
for better infiltration of fixator and also better
dehydration at the next step. Newborns at postnatal
ages of one day to two weeks (P1 to P12), were
processed according to above- mentioned method.

After the fixation, routine histology procedures
were performed to obtain paraffin embedded blocks.
Prepared paraffin blocks were cut into transverse
5 um-thick serial sections by a rotary microtome. All
abnormal samples were excluded from the study.

Lectin histochemistry

All lectins (Table 1), conjugated with horseradish
peroxidase enzyme (HRP) were purchased from
Sigma company. Vicia villosa (VVA) for GalNac
terminal sugar was used only for composite positive
control sections and correspondingly to differentiate
our selected areas from other structures of the
eyeball.

Lectins (10 pg/ ml) were diluted in 0.1 M
phosphate buffered saline (PBS) pH 6.8 containing
0.02 g magnesium chloride (MgCl;), 0.02 g
manganese chloride (MnCl;) and 0.05 g sodium
chloride. After standard discharge of 5 pm-thick
tissue sections followed by elimination of mercuric
chloride pigments, they were incubated with 0.01%
H;0; in methanol for 5-10 min in order to block
endogenous peroxidase activity.

At least three sections were stained from each
developmental stage with each lectin and one section
was exposed to HRP, H;0, and diaminobenzidine
(DAB) as a negative control sample (without using
any lectin). In addition, one composite section from
each lectin was used as a positive control sample.

The sections were incubated with lectins for 2 hr
in a dark wet chamber and placed for 10 min in a
DAB solution (0.03 g DAB and 200 pl H;0; per
100 ml buffer). To stop the DAB reaction, all sections
were washed in water for 10 min and then

counterstained with a 1% solution of Alcian blue at
pH 2.5 for 1 min.

Finally the sections were dehydrated in increa-
sing graded ethanol series, cleared in xylene, and
mounted on glass slides. In order to detect staining
intensity, the reactions of the tested lectins were
observed by three examiners separately and blindly
with Olympus AH-2 microscopy and then photogra-
phed by Bx51/0Olympus light microscope. Similar
with previous comparable studies lectins reactions
were graded using Likert spectrum method based on
the reactions intensity with specific lectins (27).

Results

Figure 1 shows a tissue section of eyeball with all
essential layers of the eye (sclera, choroid and
retina) at 15-day of embryonic stage (E15) incubated
with VVA, GalNac terminal sugar-specific lectin.
According to Figure 1, no reaction of retinal cells to
VVA can be observed. Significant association is
demonstrated between both RPE and photoreceptors
layer in the presence of IPM. It seems that after
finishing interactions between RPE and photorecep-
tors, IPM gradually gets smaller or maybe disappears
and subsequently pigmented layer is limited to the
outer segment of photoreceptors layer (Figure 1).

Results obtained from the photomicrographs of
sections related to the late 15% and early 16t
embryonic days (E15 and E16, respectively)
incubated with MPA (B-DGal terminal sugar-specific
lectin), revealed weak reaction of photoreceptors to
the MPA (Figure 2). In addition, there was no
differentiation in photoreceptor cells and no
morphologically difference between photoreceptors
and other cells through the retina.

MPA reacted intensely with 10-day postnatal (P10)
developing photoreceptors especially the cone cells;
intense interaction between pigmented layer and
photoreceptor layer is clearly obvious in Figure 3.

Present study showed that although PNA is a
cone-specific lectin, MPA identifies both types of
photoreceptor cells. However, because of the conical
shape of most of the cells in Figure 3, it can be
expected that the MPA lectin is more willing to
identify the cone photoreceptors.

Table 2. Summary of the photoreceptors tissue sections reactions with tested lectins in different embryonic and postnatal stages

Lectins E15 El6 E17 E18 E19 E20 P2 P4 P6 P8 P10 P12
MPA + + - - - - - - - - +++ -
WGII - - - - - - - - - - - -
PNA - - - - - - - - - - - +++
VVA - - - - - - - - - - - -

Negative (-), Weak (+), Moderate (++), Severe (+++). MPA: Maclura pomifera; WGII: wheat germ agglutinin; PNA: peanut agglutinin; VVA:

Vicia villosa
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Figure 1. Transverse section of developing rat eyeball at E15
incubated with VVA lectin (specific for GalNac terminal sugar).
Pigmented layer, photoreceptor layer, and interactions between
these two are evident. RPE and thin pigmented layer on
photoreceptors are approaching to each other to make a single
pigmented layer (shaded area). Since this section belongs to to a
few days before the birth, IPM still exists between RPE (large
arrow) and photoreceptors layer (small arrow). Almost no part of
the eye reacted to VVA. Instead, the counter stain (Alcian blue) is
the dominant color of the slide (Control slide). Scale bar = 50 um

Figure 2. Transverse section photomicrograph of E16 of rat retina
incubated with MPA lectin (specific for 3-D-Gal terminal sugar).
The photoreceptors cell surface reacted weakly (+) to MPA. Thin
arrows show the thin border of pigmented epithelium on
photoreceptors and thick arrows indicate the photoreceptor
precursor cells in the late E15 and early E16. Through the retinal
cells, nerve fibers are detected and some inner retinal cells such as
ganglionic cells reacted moderately (++) to MPA. (dark brown
spots). Scale bar = 10 pm

Figure 3. Transverse section photomicrograph of P10 incubated
with MPA lectin (specific for GalNac terminal sugar). Cone
photoreceptors have reacted strongly (+++) to MPA and they are
gradually approaching to the final differentiation (arrows).
Pigmented epithelium reacted intensely (+++) to MPA, while inner
retinal cells which are seen in the different situations did not
reveal any reaction to MPA. Scale bar=10 um

10m §

Figure 4. Transverse section photomicrograph of P12 incubated
with WGA-II lectin (Specific for GluNac [1-4] Glu terminal sugar).
No retinal cell including photoreceptors showed any reaction to
this lectin. Pigmented layer can be observed out of photoreceptors
area (thick arrows). Apical region of undifferentiated
photoreceptors (thin arrows) can be partly distinguished from
other retinal cells. Scale bar = 10 um
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Figure 5. Photomicrograph of P12 transverse section incubated
with PNA cone-specific lectin (that has high specificity for g-D-Gal

[1-3]-D-GalNac terminal sugar). Cone photoreceptors have
reacted strongly (+++) to PNA. So P12 is the date of ultimate
differentiation of cone cells. Rod photoreceptors and other retinal
cells similarly did not show any reaction to PNA. RPE will establish
outermost portion of the retina. Another separated thin
pigmented layer located on the surface region of photoreceptors is
coming to RPE during postnatal development. IPM is an
extracellular matrix-rich space between the RPE and
photoreceptors and it is the place of RPE effect on photoreceptors
final differentiation. Scale bar=10 um

Our results showed that the expression, secretion,
and distribution of (3-D-Gal-containing glycoconju-
gates on the photoreceptors cells surface were at the
highest level in E15 and E16 and 10-day of postnatal.
Figure 4 illustrates developing eye transverse
section prepared from day 12 of postnatal (P12)
incubated with WGA-II lectin (Specific for GluNac [1-
4] Glu terminal sugar). As it is obvious in Figure 4,
photoreceptors did not show any reaction to WGA-II
lectin like other retinal cells. Cone and rod cells are
not distinguishable from each other with using of
WGA-II lectin, only the apical region of photorecep-
tors near the pigmented layer is partly characterized.
There is a space between the pigmented and
photoreceptor layers, so we strongly believe that
pigmented layer plays a fundamental role in ultimate
photoreceptors differentiations.
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Evaluating sections incubated with PNA lectin
clearly showed that the cone progenitor cells started
final differentiations during P12 eye development
(Figure 5). On the other hand, our results confirmed
that PNA is a high specific lectin for terminal sugars
secreted on the cell surface of the cone cells such as
B-D-Gal [1-3]-D-GalNac. So B-D-Gal [1-3]-D-GalNac-
containing glycoconjugates play an important role in
retinal cone photoreceptors postnatal development.

Discussion
Cell to cell and cell to ECM interactions provide a
rich source of vital information of various

developmental events such as cell differentiation, cell
migration, cell fate determination, morphogenesis,
and even cell death (28, 29). Like many previous
researchers, we used lectin histochemistry to study
the cell surface, ECM glycoconjugates terminal sugars
distribution, and changes in fetal and neonatal
development of the rat retina. Among various retinal
neurons and supporting cells, photoreceptors and
RPE were candidates for our study due to their
reputation in retinal intercellular interactions (30).

On the other hand, differentiation and morpho-
logy phenomena were selected to be evaluated
because of their importance in pre- and postnatal
retinal photoreceptors development.

Lectins used in this study were identified as 3-D-
Gal, B-D-Gal [1-3]-D-GalNac, and GluNac [1-4] Glu-
containing cells in the retina. The present study
showed that the difference between cell surface
components in different cells regarding the presence
or absence of these compounds could be a reflection
of cell morphological changes during morphogenesis
and developmental stages. Since lectins are specific
substances, we used them to evaluate the time of
differentiation of photoreceptors from other retinal
cells.

Our results about the photoreceptors reactions to
different lectins from fetal to neonatal develop-
mental stages showed that VVA could be used to
determine the initial interactions between RPE and
photoreceptor cells during embryonic morphogen-
esis stage.

Different results were obtained by evaluating
MPA in embryonic and postnatal period including
weak reaction of cell surface of prenatal
undifferentiated (E15-E16) photoreceptors to MPA
and intense reaction of postnatal photoreceptors.
According to these results, MPA lectin can be
suggested as an appropriate detector of distribution
and changes of cell surface glycoconjugates terminal
sugars during postnatal photoreceptors differen-
tiation. In addition, our findings showed that -D-Gal
has an important role in the development of retinal
photoreceptors.

Based on our results, WGA-II lectin cannot
distinguish photoreceptors differentiation in pre-
and postnatal developmental stages; nevertheless it

Iran J Basic Med Sci, Vol. 17, No. 7, Jul 2014

can relatively show their close association with RPE.
According to other studies, there is a strict associate-
on between photoreceptor layer and RPE that can
lead to complete photoreceptors development
(15, 16).

The results of our study expressed that cone
photoreceptors are highly reactive to PNA. Although
some previous studies indicated PNA as a cone-
specific lectin, development of cone cells and the
time of their surface reactivity with PNA are un-
decided in these studies (31, 32).

In present study, for the first time, it was found
that the cone photoreceptors reacted strongly to the
PNA lectin at P12 developmental stage; before this
time pigmented layers and photoreceptors did not
show any reaction to this lectin. So the day 12 of
postnatal development can be proposed as the
approximate final differentiation of the cone cells.

On the other hand, by using the specific lectins, it
can be suggested that the development of retinal
photoreceptors especially cone cells continues for
long time, in post natal period. In this regard, our stu-
dy confirmed the results of previous investigations
based on postnatal development of the visual system.
However, unlike our study, the results of some previ-
ous investigations showed that both photoreceptors
are generated prenatally in human (13, 14).

In our opinion, IPM is one of the best tissues for
studying the role of ECM in development, because
the most significant intercellular interactions occur
in this area of the eyeball (24, 33). As can be seen
obviously in the photos of this research, this
developmental factors and signals-rich space provide
an environment for bilateral connection between
photoreceptors and RPE. According to these images,
after whole interactions between the photoreceptor
precursor cells and RPE in the last stages of postnatal
development, it seems that the IPM becomes smaller
gradually and its role in the development process
becomes less and the photoreceptors complete their
final differentiations.

According to our pilot study, we decided to select
postnatal days. In other words, we obtained the time
of cone cells morphogenesis and their critical period
of formation and differentiation. According to our
results, cone photoreceptors started their different-
iation at the first days of postnatal until P12. It can be
probably proposed that the newborns have low
vision accuracy and color vision. In addition, our
findings showed that the conclusive differentiation of
rod and cone photore-sceptors does not begin at the
same time.

Conclusion

The time of expression, distribution, and changes
of surface glycoconjugates terminal sugars of retinal
cells during eye development are regulated and
glycoconjugates with $-D-Gal [1-3]-D-GalNac and -
D-Gal terminal sugars play a critical role in the
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development and ultimate differentiations of retinal
cells specially the photoreceptors. Future advanced
molecular experiments in addition to histochemical
studies can facilitate the determination of several eye
malformations origin.
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